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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Objective: The aim of this research was to implement
Quadruplex Priming Amplification (QPA) and to perform a
spectroscopic study of an HIV-integrase aptamer in the presence
of lead ions.

Methods: Quadruplex Priming Amplification (QPA) is a
simple amplification assay in which isothermal amplification
is performed using only a DNA polymerase, and detection is
conducted by the intrinsic fluorescence of the primers. QPA
employs specific G-rich sequences (G3T) as primers that, upon
polymerase elongation at defined temperatures, spontaneously
dissociate from the primer-binding sites (PBS) and fold into a
monomolecular quadruplex. The G3T sequence is based on a
DNA aptamer designed against HIV-1 integrase. Fluorescent
nucleotide analogs, such as 3-methyl isoxanthopterin (3MI),
when incorporated into these primers, emit light upon
quadruplex formation and permit simple, specific, and sensitive
quantification without the need for attached probe molecules.

Results: Previously, QPA assays were developed using
truncated targets and potassium cations. Here, we designed
QPA assays with a truncated target and lead cations within
a temperature range of 50-60 °C. Lead cations resulted in
significantly faster amplification compared with potassium
cations. In addition, we performed a spectrophotometric study
of the G3T sequence in the presence of lead cations. Lead
cations exhibited highly stable quadruplex formation.

Conclusion: The target molecule can be extended with a
complementary sequence derived from a pathogen, enabling
pathogen detection. QPA can be applied as a simple and
inexpensive diagnostic method for point-of-care (POC)
applications, as well as for the development of faster
amplification strategies, which will make this method more
suitable for molecular diagnostics.

Although we use low concentrations, given the toxicity of
lead, suitable disposal methods are imperative.

Key words. DNA amplification, quadruplex, the point of care,
lead cations, fluorescence.

Introduction.

Current systems for clinical diagnostic applications are mainly
PCR-based, can typically only be used in hospital settings, and
are still relatively complex and expensive. Integrating sample
preparation with nucleic acid amplification and detection in
a cost-effective, robust, and user-friendly format therefore
remains challenging [1].

The free energy of the d(GGGTGGGTGGGTGGG) (G3T)
quadruplex can be used to drive isothermal amplification of
DNA, referred to as Quadruplex Priming Amplification (QPA)
[2]. QPA allows isothermal amplification of nucleic acids with
improved yield and simplified detection. This assay is based on
the G3T DNA quadruplex, which, in the presence of specific
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cations, possesses unusually high thermal stability. The key
point of QPA is that the G3T sequence is capable of forming
quadruplexes with significantly more favorable thermodynamics
than the corresponding DNA duplexes. QPA employs truncated
G3T sequences as primers, which, upon polymerase elongation,
self-dissociate from the binding site and allow the next round of
priming without thermal unfolding of amplicons. In addition,
G3T primers with an incorporated 3-methyl isoxanthopterin
(3MI) in the fourth position demonstrated a 50-fold increase
in fluorescence upon quadruplex formation, which allows
simple, specific, and effective quantification without the use of
extra probe molecules [3,4]. 3MI, with excitation and emission
wavelengths of 348 nm and 431 nm, respectively, is a fluorescent
analog of guanine, although 3MI does not base pair with natural
nucleic-acid bases and has a high quantum yield (0.88) [5].
Upon incorporation even into unstructured single-stranded
DNA, its fluorescence is significantly quenched. This limits the
widespread use of 3MI in nucleic acid reactions; as such, it has
been mainly used to study nucleic acid loop structures.

As we have mentioned, this assay is based on the G3T DNA
quadruplex. Quadruplexes play important roles in many
biological processes [6-9]. The G3T sequence is based on
a DNA aptamer that was designed against HIV-1 integrase
[10]. Monomolecular quadruplexes are formed by stacks of
G-quartets connected to each other by single-stranded loops.
G-quartets are formed by four guanine residues associated in
a square planar configuration, in which each guanine interacts
with its two neighbors through hydrogen bonds (eight per
quartet). The formation of G-quartets requires the presence of
cations (such as K*), which bind specifically to guanine O6
carbonyl groups between the planes of the G-quartets [11]. Due
to cation coordination in the center of G-quartets and stacking
interactions, monomolecular quadruplexes are remarkably
stable and fold readily [12]. The truncated version of G3T is not
able to fold into a quadruplex and instead perfectly hybridizes
with the template, which represents a complementary sequence
to G3T. A polymerase then attaches missing guanines and, as a
result, G3T spontaneously dissociates from its template, folds
into the quadruplex, and emits light. As a result, QPA is able
to amplify DNA isothermally, which is critical for DNA-based
point-of-care diagnostics.

Lead(Il) chloride (PbClz) is an inorganic compound that is a
white solid under ambient conditions. It is poorly soluble in
water. Lead(II) chloride is one of the most important lead-based
reagents [9,13]. Italso occurs naturally in the form of the mineral
cotunnite. In solid PbCl., each lead ion is coordinated by nine
chloride ions in a tricapped triangular prism formation—six
located at the vertices of a triangular prism and three positioned
beyond the centers of each rectangular prism face. The nine
chloride ions are not equidistant from the central lead atom,;
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seven lies at distances of 280—309 pm, and two at 370 pm [14].
PbCl. forms white orthorhombic needles.

Experimental Procedures.

Enzymes and DNA Substrates:

DNA polymerase: Vent (exo-) was purchased from New
England BioLabs. Vent (exo-) DNA polymerase has been
genetically engineered to eliminate the 3'—5' proofreading
exonuclease activity associated with Vent DNA Polymerase
[15]. This is the preferred form for high-yield primer extension
reactions. The fidelity of polymerization by this form is reduced
to a level of about two-fold higher than that of Taq DNA
Polymerase [16,17].

DNA oligonucleotides were obtained from Integrated DNA
Technologies and Fidelity Systems. All measurements were
performed in a buffer solution consisting of 10 mM Tris-HCl,
pH 8.7.

UV-Visible Spectroscopy:

Temperature-dependent UV-Visible spectroscopy is a
convenient tool to study secondary structure, thermal stability,
and to estimate van’t Hoff thermodynamics of DNA or RNA
molecules. UV-Visible spectroscopy is traditionally used
to monitor thermal unfolding experiments of nucleic acids.
Specifically, the unfolding of DNA duplexes is accompanied by
an increase in absorbance at 260 nm, and accurate determination
of the thermodynamic parameters for quadruplexes is possible
by monitoring the long-wavelength region of the UV spectrum
(~295 nm) [18-20].

UV unfolding experiments allowed estimation of the melting
temperature of the quadruplex. Melting temperatures were
determined by recording UV absorption at ~295 nm as a function
of temperature using a Varian UV—visible spectrophotometer
(Cary 100 Bio) using ~4 pM G3T oligonucleotide solutions in
1 cm path-length cells. In a typical experiment, oligonucleotide
samples were mixed and diluted into the desired buffers in
quartz cuvettes. After annealing by heating to 97 °C, the
temperature was ramped to the desired starting temperature,
different concentrations of PbCl. were added, and the melting
experiments were performed at a heating rate of 1 °C/min.
The UV melting curves allowed an estimate of the melting
temperature, Tm, the midpoint temperature of the unfolding
process [21].

Fluorescence Spectroscopy:

Fluorescence spectroscopy is one of the most sensitive
analytical tools. Fluorescence has traditionally been used to
monitor the activity of various enzymes, to quantify DNA
amplification, and to study molecular interactions and dynamics.
In our assays, we use fluorescent nucleotide analogs (e.g., 3MI),
which are completely quenched in single-stranded or double-
stranded DNA and emit light upon quadruplex formation.
Fluorescence measurements were performed using an ESEQuant
Tube Scanner (Qiagen). QPA reactions were carried out in a
reaction mixture (volume: 0.1 mL) containing 300 nM primer,
30 nM template, 800 uM dGTP, buffer (50 uM PbClz, 50 mM
CsCl, 2 mM MgClz, 10 mM Tris-HCI, pH 8.7), and 0.06 or 0.07
unit/pulL Vent (exo-) polymerase. The reactions were carried out
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directly in 0.2 mL PCR tubes. In a typical experiment, buffer,
DNA polymerase, and dGTP were added, and the fluorometer
was equilibrated at the reaction temperature, followed by real-
time fluorescence monitoring.

Results and Discussion.

G3T quadruplex (HIV-integrase aptamer) by lead cations:

As we mentioned before, cations are necessary for quadruplex
formation; however, not all cations are able to induce quadruplex
formation, or they may form quadruplexes with lower stability.
For example, potassium cations can form stable quadruplexes,
whereas cesium cations cannot. This is because K* ions, with
an ionic radius of 133 pm, have an optimal size to fit into the
inner core of G-quartets, whereas Cs* ions, with an ionic radius
of 169 pm, are too large [5,22]. Therefore, Cs* ions allow the
ionic strength to be maintained without affecting or inducing the
formation of additional quadruplex species.

We performed UV melting experiments of 4 pM G3T
quadruplex at different concentrations of Pb*' cations. At
low concentrations of Pb*" (8 uM), the experiments revealed
reversible two-state transitions. At this concentration, both
unfolding (solid lines) and refolding (dashed lines) curves were
sigmoidal and superimposable, which is characteristic of fully
reversible two-state transitions (Figure 1). However, at higher
concentrations of Pb?*" cations, the unfolding curves became
more complex. In the presence of 50 and 100 uM Pb*, G3T
exhibited unusually large and reproducible hysteresis. Similar
hysteretic behavior was previously observed for two conjugated
G3T monomers, (G3T)2, and was attributed to a highly specific
two-state transition in which folding and unfolding of the first
G3T monomer is rate-limiting for both annealing and melting
processes. Thus, the hysteresis observed in the presence of
Pb*" ions can be attributed to dimerization of G3T quadruplex
monomers [23].
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Figure 1. Melting of G3T quadruplex in the presence of different
concentrations of Pb** cations.



Primer/Template Complex for QPA:

For this task, we designed specific primer and template
molecules. The primer 5-GGG(3MI)GGGCGGGTGG-3'
represents a modified G3T sequence containing an incorporated
3MI residue at the fourth position and lacking one guanine at
the 3’ end. As a result, the estimated melting temperature of the
substrate was 51.9 °C (Table 2).

QPA by lead cations:

For comparison, we used 25 mM K", which is the optimal
concentration for QPA reactions with potassium cations
[3]. In this experiment, the highest QPA rate was observed
in the presence of Pb*" cations. QPA performed with 50 uM
Pb*" resulted in approximately five-fold faster amplification
compared with 25 mM K" at 53 °C (Figure 2).

The results show (Figure 2) that once the amplification
reaches the plateau phase and the fluorescence signal reaches
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Figure 2. QPA reactions using 50 uM Pb*" (black) and 25 mM K*
(blue) at 53 °C in 10 mM Tris-HCI buffer (pH 8.7) containing 50 mM
CsCl and 2 mM MgClz, employing Vent (exo-) DNA polymerase.
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Figure 3. Temperature dependence of QPA rates using the Substrate
listed in Table 1. Primer/template concentrations: 300/30 nM,

employing 0.06 unit/ul Vent (exo-), 800 uM of dGTP in 10 uM PbCI,
50 mM CsCli, 2 mMMgCIZ, Tris-HCI 10 Mm, pH 8.7.

112

450

— 100 oM vent
=100 pm , vent
400 — 10 pm,vent

----- N egative, vent

300

Fluorescence (a.u)

250

i
B e b R
o A g

200

0 10 20 30 40 50 &0
Time (min)

Figure 4. QPA reactions at low concentrations of template molecule
using Substrate, Primer 500 nm, template: 300 pM (purple), 100 pM
(blue), 10 pM (red) and negative control (black). Employing 0.07 unit/
ul vent (exo-), 800 uM of dGTP in 10 uM PbCl,, 50 mM CsCl, 2mM
MgClZ, Tris-HCI 10 Mm, pH 8.7 at 57 °C, volume: 0.1 mL.

its maximum (corresponding to the maximum number of
quadruplexes), no subsequent decrease in signal is observed.
This indicates that possible dimerization of the quadruplexes
does not interfere with the fluorescent signal. In addition, in the
main experiments (Figure 3) we used a lead concentration of
10 uM/L, at which there is almost no hysteresis (Figure 1) and
therefore dimerization may be less.

We also performed QPA measurements for a negative control
in the presence of Pb*" cations, which contained all reaction
components except the template. As expected, no amplification
was observed, because DNA polymerase cannot incorporate the
missing guanine in the absence of duplex formation, and the
primer alone is unable to fold into a quadruplex.

In this study, we implemented Quadruplex Priming
Amplification in the presence of lead ions. QPA reactions
were carried out within a temperature range of 50-60 °C at
2 °C intervals using the substrate. QPA was monitored by
fluorescence of 3MI incorporated at the fourth position of the
primer. The reaction mixture contained 300 nM primer and
30 nM template. Average QPA rates were determined. The
substrate exhibited strong activity across the 50-60 °C range,
with an optimal rate observed at 55 °C, reaching approximately
80 nM/min (Figure 3). The rate is measured at the beginning of
the graph (amplification) by the slopes.

To determine the efficiency of QPA with lead ions, we
performed measurements at low concentrations of the template
molecule. The results show that linear QPA mediated by lead
ions enables the detection of a 10 pM template molecule in less
than one hour (Figure 4).

In the study we use a very small amount of lead ion, 0.2
micrograms is sufficient for full amplification (Fig.4). For
comparison: Although no safe level for lead exposure has been
identified a blood lead level of < 2 micrograms per deciliter (20
pg /L) is considered normal [24]. An interim reference level
(IRL) for lead based on the Centers for Disease Control and
Prevention’s (CDC) blood reference level of 3.5 micrograms
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primer) [26].

of lead per deciliter of whole blood (png /dL). The amount
of lead intake from food that would be required to reach the
CDC’s blood reference level are 2.2 micrograms (ug) per day
for children and 8.8 pg per day for females of childbearing
age [25]. The mass of lead used in our experiment is ten times
smaller than this amount. Although experimental waste must
be appropriately managed in accordance with local regulations.

One of the methods for pathogen detection is a magnetic bead—
based approach for point-of-care diagnostics. In this method,
the pathogen attaches to magnetic beads and can be transported
through different chambers using a magnet. During this
movement, the pathogen (for example, DNA of Mycobacterium
tuberculosis or RNA of COVID-19) can hybridize with a
complementary target molecule. For RNA targets, either
complementary DNA/RNA hybrid molecules—can be used. In
the third step (Fig. 3), the target-bound pathogen is transported
to the amplification/detection chamber. Subsequently, the
QPA reaction and the resulting fluorescence signal indicate
the presence of the pathogen in the solution (Figure 5). In
addition, all chambers are isolated from both patients or medical
personnel and will not have direct contact, including with lead
ions, which will be placed in the fifth chamber along with other
QPA reagents from the beginning.

Because a POC applications, once used, contains a patient’s
blood sample or another biological specimen, it may potentially
contain pathogens (this applies regardless of whether the test
produces a positive or negative result, since the test may be
designed to detect a specific pathogen while other pathogens
may still be present in the sample) therefore, final incineration
(burning) of applications is required. (Moreover, as already
mentioned with regard to lead, blood itself contains a higher
concentration of lead (20 pM/L) than will be used in the
application (10 pM/L)).

Conclusion.

In the present work, we designed linear QPA assays operating
within a temperature range of 50—60 °C in the presence of
lead ions. The substrate (Table 2) demonstrated strong activity
throughout this interval, enabling detection of target molecules
at concentrations as low as 10 pM. The results show that QPA
performed with lead cations exhibits approximately five-fold
faster amplification compared with potassium cations. UV/
Vis spectroscopic experiments demonstrated that G3T forms
a highly stable quadruplex in the presence of Pb*" cations,
with a melting temperature of approximately 85 °C for 4 uM
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Table 1. Melting temperature of G3T quadruplex in the presence of
different concentrations of Pb** cations.

Concentration of Pb**, pM Tm (°C)
8 61
12 64
20 67
25 68
50 82
100 85

Tm values (within +1°C) were derived from UV melting curves (Figure
1) at a concentration of 4 uM G3T; Buffer: 10 mM Tris—HCI, pH 8.7.

Table 2. Primer/Template Complex.

Primer/Template Complexes Name
5'-GGG(3Mi)GGGCGGGTGG

3’- CCCGCCCACCC

Tm * (°C)
Substrate 51.9

“Tm values were estimated from nearest-neighbor analysis.
Concentration of Primer/Template Complexes 300 nM, 50 mM
monovalent cations, 2mM MgCI .

G3T and 100 pM Pb**, compared with ~57 °C in the presence
of potassium cations. These findings indicate that QPA is a
promising approach for simple and inexpensive point-of-care
(POC) diagnostics, and that the use of lead cations significantly
enhances amplification speed, making this method more suitable
for molecular diagnostic applications.
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H0Imol O™y 0DMmgHINo  583W0B03S3E0S
bmME0gwEgds dbmermE ©bd 3m0dgmsHol
3080myg969d00m s ©YHIJ30° bME309gEEYds 36r5009MgdOL
d0bogobo BwrmMgl3gbioom. QPA 0g4gbgdl bdgox03MO
G-0000oM  0sb308g3mdgdl  (G3T),  Gmymog
3650099690L, 39003 302¢00dgMHoBsl J0gM 133083036
39939093 MBY 9 mbyo300lsL, L3MbEbMM
oLMEOMEOYO0D 36508960l 389353806930
500309006 (PBS) s 039390056 8mbmdmeng3wmanme
3390063 gdbo. G3T 056300¢093MIMds R3dbgdMWOos
068 5335090 Dg, MHMIgeoE 89ddbowos 503-1 0bEgAMBIL
fobosedgy.  Beym®gbegbsonwo  byzwin@GoEco
365 myqd0, HMYMOoEss 3-dgmoe 0bmJusbmm3@ghobo
(BMI), 3 3650096M9ddo 0bEHIAOOMHABOLLL  SLboggdab
Lobosmergl 3350M3gduol Foedmddbolol s 0derg306
050303, b3g308303M6 s FaMabmdOsMY MomErbmdMog
230BLsBOZML  Bmbol  Fmerg3MErgdol  GodogMgdol
245M9d9.

890003900 5©MY 999dogzgdeo ogm QPA Lsdobby
I93Moms s 39ongdol  3omombgdom. o B396
d9300m0s390n  QPA  9gomm@o  Gyzool  3o000mbgdoom
50-60 °C 3g939Mo@mermer  0bGHgM3zsemdo.  FGyzool
3500mbgd0  53gbab 393Mo@ ULHMsxg 5d30n035305U,
3000609 35¢0dol  30000mbgdo. LsdoBby Tmerg3mesl
d90d@gds d00oaMgl 3500maqbol  3m33egdgb@ oMo



®560000930Mds, M3 23593l 3500Mgbol 5dmbgbol
F9LSIGIMBIL. oMo sdols  Bmgzgsbobge  G3T

56808©9360™d0L  B3gdGHOMBMEHMIYGGHOOMWO 333,

AYzoolb  35m0mbds  9Bg3gbs  doewosh  LGedowHo
33950063gdlol BnOGToMYdS.
©ob33bs:  QPA  Qgodewgds  godmyabgdmye  0gbsl

OHMAMOE  FoOHGH030 ©d 0580 ©OsRBMLE030L  (POC)
39b6bmO30gwgdol  dgmmeo,  sbY3) RO LEGLGO
503053035300L 89999853935 59 Igomml dmbsbgMbgdgel
290 IMg3MEE OSRDbMUE 03500 25dmLaygbgders.

Pesrome

Hean: Ilens mccnenoBaHus — BHEAPEHUE KBAJPYIUIEKCHOU
npaiiMupytomei ammndukarm (QPA) 1 ciekTpockonuieckoe
uccnenoBanue anramepa BUY-uHTErpassl B HPUCYTCTBHH
MOHOB CBHHIIA.

MeTtoani: KBanpyruiekcHas npaiiMupyromas aMInTiQuKays
(QPA) — 310 OUYEHH MPOCTOM MeToN amIuI(UKAMU, TpPU
KOTOpPOM H30TEpMHYECKas aMIUIM(UKAMs MPOBOAUTCI C
ucrons3oBanneM Toabko JJHK-monnmepassl, a nerektupoBanue
OCYIIECTBIISICTCS TI0 COOCTBEHHOH (lTyOpeCcIeHIINH TpaiiMepoB.
B QPA  wucnoms3ytorcst  crnenuduueckue — G-Oorartbie
TIOCIIEI0BATEIFHOCTH B KadecTBe mpaiimepoB (G3T), koTopsie
TP Y UTMHEHUH ITOJIMMEPA3bI ITPHU OTIPEICTICHHBIX TEMITEpaTypax
CIIOHTAHHO JTMCCOLMHUPYIOT OT CATOB CBSI3BIBAHMS ITPaiiMEpOB
(PBS) n cBopaunBaioTcss B MOHOMOJICKYJISIPHBII KBaJIpyTIIeKcC.

115

IocnenoBarensnocts G3T ocnHoBana Ha JIHK-anramepe,
paspaboranaom npotuB BIY-1 unTerpassl. diayopecreHTHbIE
aHAJIOTH HYKJICOTHOB, TaKHe KaK 3-METHIN30KCAHTONTEPUH
(3MI), mpu BKIIOUEHHH B O3TH TNpaiMepsl H3JIy4aroT CBET
mpu 00pa30BaHMU KBaJpyIUIEKCa W TIO3BOJISIFOT TPOBOJUTH
MIpoCTOe, CHENU(PUYHOE W YYBCTBHUTEIHHOE KOJHMYECTBEHHOE
olpezieseHue 6e3 NPUCOeTMHEHHS MOJIEKYJI-30HI0B.

PesyabraTer: Panee Obumn paspabortansl QPA-anammssl
C YKOPOUEHHBIMH MHUIICHSMU M KAaTUOHAMU Kajus, JaHHOMN
pabore ™Mbl paspabotanm QPA-aHamu3el C  YKOPOYEHHOM
MUIIEHBIO U KaTHOHAMHU CBHHIA B TEMIIEPAaTypHOM HUHTEpBae
50-60 °C. KaruoHsl cBUHIA JEMOHCTPUPYIOT Ooiee
OblcTpyro amIUIMQUKaMio, 4YeM KaTHOHbI Kaiuusa. Kpome
TOTO, MBI MPOBEIH CHEKTPO(OTOMETPHUECKOE HCCIIEIOBAHHE
nocnenoBarenbHocTh G3T ¢ karmoHamu cBuHna. Karuon
CBHHIIA MTPOJIEMOHCTPUPOBAJI OYEHb CTaOMIIbHOE 00pa3oBaHKe

KBaJIpyTieKca.
3akirouyenue: K 11eneBoit Mosekyie MOXHO MPUCOECTUHUTH
KOMILJIEMEHTAPHYIO  TOCJIEI0BAaTEIbHOCTh MAaTOreHa, 4YTo

JlaeT BO3MOXKHOCTh OOHapyxeHust mnaroreHa. QPA moxer
MIPUMEHATBCS B KauecTBE METO/a JUIS pealn3aliyd MpOCTOU
W HEJOPOTOH TMAarHOCTUKH (B MECTE OKa3aHWsI MEIMIIMHCKON
nomou (POC)), a Tarke anst pa3paboTku Ooisiee ObICTpO
aMIUIM(UKAMU, YTO CIEJTaeT STOT METOA YIOOHBIM ISt
HCIIOJIb30BAaHMS B MOJICKYJISIPHOM JIMarHOCTHKE.
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